Introduction {#sec1-1}
============

Stroke is the fifth leading cause of death in the United States (U.S.)\[[@ref1]\] and the second leading cause of death worldwide.\[[@ref2]\] In the U.S., approximately 610,000 new strokes occur each year, contributing to over 140,000 annual deaths from stroke, and ischemic strokes account for more than 85% of strokes.\[[@ref1]\] In Vietnam, the annual incidence of new strokes was estimated at 90.2 per 100,000 people, with a third attributable to hemorrhagic stroke.\[[@ref3]\]

Six recent randomized controlled trials (RCTs)\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9]\] demonstrated the safety and efficacy of mechanical thrombectomy for the treatment of acute ischemic stroke (AIS) due to large vessel occlusion (LVO). Based on the results of these studies, the International Medical Community provided updated guidelines for the management of AIS that included a recommendation in favor of mechanical thrombectomy for patients meeting certain criteria,\[[@ref10][@ref11]\] further expanding the treatment window in 2018 for selected cases.\[[@ref12]\]

Mechanical thrombectomy can be generally categorized into two main techniques: usage of stent retrievers and usage of direct aspiration (a direct aspiration first pass technique \[ADAPT\]).\[[@ref13][@ref14][@ref15][@ref16]\] These two techniques are not mutually exclusive and are often used together.\[[@ref17]\] The ASTER, three-dimensional (3D), and COMPASS trials were randomized studies that compared the risks and benefits of aspiration thrombectomy frontline to that of stent retriever frontline.\[[@ref18][@ref19][@ref20]\] Results from these studies showed that direct aspiration provided noninferior safety and efficacy outcomes compared with stent retrievers.

In our experience, the ADAPT is not yet widely utilized in Vietnam as compared to internationally. This may be due, in part, to the scarcity of data specific to the Vietnamese patient population. As stroke burden in Southeast Asia increases due to improved life expectancy and high rate of underlying intracranial atherosclerotic disease, it is critical to develop appropriate stroke systems of care.\[[@ref21][@ref22]\] Population-specific data may be useful for improving these systems in Southeast Asia. This study was conducted to evaluate the safety and efficacy of ADAPT in the treatment of AIS due to LVO in the population treated at our institution in Vietnam.

Materials and Methods {#sec1-2}
=====================

This study was a retrospective chart review of AIS patients treated with ADAPT at a Vietnamese hospital from January 2017 through December 2017. AIS patients ≥18 years old, with baseline NIHSS ≥6, ASPECTS ≥6, and LVO (internal carotid artery, middle cerebral artery \[M1/M2 segments\], vertebral artery, and basilar artery) treated with ADAPT within 6 h of stroke symptom onset were included. Intravenous (IV) recombinant tissue plasminogen activator (Alteplase, Genentech, San Francisco, CA, USA) usage before aspiration therapy was permissible.

Before intervention, the patients underwent 64--128 slice computed tomographic imaging and/or 1.5--3T magnetic resonance imaging to visualize the extent of cerebral parenchymal injury, identify the site of vascular occlusion, and assess the availability of collateral circulation. Anesthesia was administered as either local anesthesia with IV preanesthesia or general anesthesia. Treatment consisted of the ADAPT using the 5MAX ACE reperfusion catheter (Penumbra Inc., Alameda, CA, USA). A typical procedure with ADAPT has been described previously.\[[@ref13][@ref14]\] Direct aspiration at the face of the thrombus with a 50cc syringe was performed. Aspiration alone was performed up to three times. If aspiration alone was unsuccessful, adjunctive therapy with a stent retriever (Solitaire, Medtronic, Dublin, Ireland) and thrombolytic therapy was utilized. Digital subtraction angiography (Artis Zee, Siemens) was performed immediately after intervention to assess efficacy of revascularization.

Baseline characteristics, key time metrics (onset-to-admission, admission-to-puncture, puncture-to-revascularization), postprocedural thrombolysis in cerebral infarction (TICI) score, baseline NIHSS, 24-h postintervention NIHSS, all periprocedural adverse events, and modified Rankin scale (mRS) at 90 days postprocedure were included in this review. All data were collected in accordance with the institutional ethics guidelines. This study was reviewed and approved by our institutional ethics committee (IEC). Patients or their representatives provided informed consent or consent was waived by the IEC due to the retrospective study design.

Results {#sec1-3}
=======

Thirty-seven patients met the study inclusion criteria. The mean age was 61.4 ± 13.4 years (range 27--89 years), with a female/male ratio of 2.4/1. In terms of target vessel locations, 86.5% (32/37) of occlusions were in the anterior circulation and 13.5% (5/37) were in the posterior circulation. For anesthesia, 81.1% (30/37) of cases were treated under local anesthesia and IV preanesthesia, while the remaining 18.9% (7/37) cases were treated under endotracheal intubation/general anesthesia. The mean time from arterial puncture to TICI 2b-3 revascularization was 32.5 min. Direct aspiration was performed for all patients, with 13.5% (5/37) using stent retriever when the optimal recanalization was not achieved. Patient characteristics and procedural time metrics are provided in [Table 1](#T1){ref-type="table"}. A representative case is available in [Figure 1](#F1){ref-type="fig"}.

###### 

Baseline characteristics and procedural times

  Characteristic                                                                Patients (%)
  ----------------------------------------------------------------------------- ----------------------------
  Age (years)                                                                   61.4±13.4
  Female                                                                        26/37 (70.3)
  Baseline NIHSS                                                                17.3±6.9
  Baseline ASPECTS                                                              8.0±1.5
  IV tPA before procedure                                                       13/37 (35.1)
  Target vessel location                                                        
   Middle cerebral artery (M1 or M2)                                            19/37 (51.4)
   Internal carotid artery/carotid T                                            13/37 (35.1)
   Vertebral artery                                                             0/37 (0)
   Basilar artery                                                               5/37 (13.5)
                                                                                
  **Time interval (min)**                                                       **Mean (Minimum-maximum)**
                                                                                
  From onset stroke to admission                                                213.6 (1-324)
  Admission to needle (from admission to arterial puncture)                     95.4 (46-345)
  Puncture to revascularization (from arterial puncture to revascularization)   32.5 (10-70)

IV -- Intravenous; NIHSS -- National Institutes of Health Stroke Scale; tPA -- Tissue plasminogen activator, ASPECTS -- Alberta stroke program early CT score

![A 73-year-old male with admission Glasgow coma scale of 13 and NIHSS of 15 presented with a 2-h history of right-sided weakness, facial droop, and dysarthria. Brain computed tomography identified no hemorrhage and ASPECTS of 10 (a -- top left). Computed tomography angiography revealed occlusion of the left middle cerebral artery M1 segments (b -- top middle). Preprocedural digital subtraction angiography confirmed occlusion location, and thrombolysis in cerebral infarction score was 0 (c -- top right, d -- bottom left). After aspiration thrombectomy with the ACE68 reperfusion catheter, digital subtraction angiography imaging showed complete revascularization of the left middle cerebral artery with thrombolysis in cerebral infarction score 3 (e -- bottom middle, *f* -- bottom right). Good clinical outcome was observed at discharge (modified Rankin scale = 0)](AJNS-15-65-g001){#F1}

The mean NIHSS score before intervention was 17.3 and after intervention was 8.4, with the average improvement in NIHSS being 8.9 \[[Table 2](#T2){ref-type="table"}\]. After all interventions, 81.1% of cases (30/37) achieved TICI 2b-3 revascularization, with 40% achieving complete restoration of flow (TICI 3). Poor recanalization (TICI 1-2a) and nonrecanalization (TICI 0) totaled 18.9% (7/37). Functional independence, defined as mRS 0--2 at 90 days, was achieved in 56.8% (21/37) of cases \[[Table 2](#T2){ref-type="table"}\]. mRS 3--5 was reported in 10 of 37 cases (27.1%). Among patients with occlusions in the vertebral or basilar arteries, patients achieved TICI 2b-3 revascularization in 80% (4/5) and 90-day mRS 0--2 in 60% (3/5) of cases.

###### 

Angiographic and clinical outcomes

  Outcome                         Patients (%)
  ------------------------------- --------------
  TICI 2b-3 postprocedure         30/37 (81.1)
  90-day mRS 0-2                  21/37 (56.8)
  NIHSS before intervention       17.3
  NIHSS 24 h after intervention   8.4
  Average improvement in NIHSS    8.9
  Intracranial hemorrhage         5/37 (13.5)
  Mortality                       6/37 (16.2)

NIHSS -- National Institutes of Health Stroke Scale; TICI -- Thrombolysis in cerebral infarction

There were four patients with cerebral vasospasm and five patients with distal embolization. No patients experienced vessel dissection or perforation during the intervention. Intracranial hemorrhage rate within 30 days was 13.5% (5/37). Mortality at 90 days was 16.2% (6/37). Of these deaths two were associated with PH type hemorrhage and four were associated with HI type hemorrhage based on ECASS definitions.

Discussion {#sec1-4}
==========

In this study of 37 patients with AIS treated with ADAPT, use of direct aspiration thrombectomy appeared to be effective, with an acceptable safety profile. TICI 2b-3 flow was achieved in 81.1% of cases, with a mean time from arterial puncture to revascularization of 32.5 min. The rate of mRS 0--2 at 90 days was 56.8%. With regard to complications, four patients experienced cerebral vasospasm and five patients had embolization of new territories. Most cases were treated under local anesthesia and/or IV preanesthesia; however, the procedure still had promising outcomes and was safe and quick. Throughout the world, the choice of general anesthesia or local anesthesia and the effect of these methods on treatment outcomes remain controversial.

The high rate of revascularization observed in the current study was consistent with our previous observation of 79% revascularization (Khoi *et al*.\'s Clinical application research on endovascular interventional techniques for treatment of acute and chronic stroke. State-level Research KC10-15; 2015, unpublished results) and previous studies on ADAPT\[[@ref18][@ref19]\] \[[Table 3](#T3){ref-type="table"}\] and lower than the ADAPT FAST multicenter study (97.8%, 5 MAX ACE).\[[@ref13]\] The 56.8% rate of 90-day good clinical outcomes (mRS 0--2) in patients with early admission hospitalization was on the higher side compared with previous studies, while the 16.2% rate of mortality compared favorably as well. The current study time to revascularization was slightly shorter than that of the 3D RCT and was in alignment with the ADAPT FAST study (35.6 min). Among patients with occlusions in the vertebral or basilar arteries, the current study found that patients achieved 80% revascularization and 60% 90-day good clinical outcomes, which was similar to outcomes in the anterior circulation and was consistent with 96.4% (54/56) and 42.9% (24/56), respectively, in a study of ADAPT in the posterior circulation.\[[@ref23]\] The small sample size, however, should be noted.

###### 

Comparison of rates of revascularization, functional outcome, time to revascularization, mortality among studies

                                                                 Current study   ASTER aspiration group\[[@ref18]\]   3D RCT aspiration group\[[@ref19]\]
  -------------------------------------------------------------- --------------- ------------------------------------ -------------------------------------
  *n*                                                            37              192                                  100
  Time from arterial puncture to revascularization, mean (min)   32.5            Not reported                         39\*
  TICI 2b-3 (%)                                                  81.1            85.4                                 69.8
  TICI 3 (%)                                                     40              37.5                                 45.4
  90-day mRS 0-2 (%)                                             56.8            45.3                                 45.8
  Mortality (%)                                                  16.2            19.3                                 26.0

\*Median. 3D-RCT -- Three-dimensional randomized controlled trial; TICI -- Thrombolysis in cerebral infarction; mRS -- Modified Rankin scale

We elected frontline aspiration thrombectomy over stent retriever thrombectomy due to recent clinical studies, demonstrating significantly lower costs with ADAPT\[[@ref20][@ref24]\] while maintaining noninferior outcomes.\[[@ref18][@ref19][@ref20]\] At our institution, the supplier price of the ACE68 reperfusion catheter is approximately 44%--68% lower than several popular stent retrievers. Cost-effective treatments are especially of interest in Vietnam due to both the increased healthcare costs associated with a rapidly aging population\[[@ref25]\] and the large proportion of patients without health insurance.\[[@ref26]\] Aspiration may reduce healthcare cost and allow greater healthcare access for the uninsured.

In addition, ADAPT is less technically complex and has no wait time for device integration into clot. This may result in reduced procedure time,\[[@ref19]\] leading to increased ischemic area salvage and reduced neurological damage.\[[@ref27]\] These benefits may become more apparent as newer generation aspiration catheters with larger bores and better traceability, like the ones used in this study, continue to be introduced.

Limitations of this study included the evaluation of retrospective data from one institution and absence of blinded assessment of angiographic and clinical outcomes. Strengths included the analysis of data from all patients presenting with AIS and treated with ADAPT at a Vietnamese stroke center.

Conclusion {#sec1-5}
==========

In 37 cases of endovascular neurointervention for the treatment of AIS due to LVO by ADAPT, we found that ADAPT is an effective method, with high revascularization rates and low procedural complication rates. These findings of safety and efficacy in a Vietnamese population were comparable with previous studies in other cohorts.
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